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Acute  Infectious  dies* see  often  occur  In  areas  where  conventional  diagnostic  laboratory  services 
do  not  exist «  Nevertheless,  early  and  specific  etlologlc  diagnosis  Is  often  the  key  to  successful 
therapy  and  control  of  serious  Infections.  A  simplified  laboratory  kit  was  developed  through  labora¬ 
tory  and  field  studies  for  the  rapid  diagnosis  of  cerebrospinal  meningitis.  This  study  was  designed 
to  assess  the  effectiveness  of  this  kit,  employing  coagglutination  tests,  when  operated  by  rural 
medical  attendants.  Field  studies  conducted  in  West  Africa  revealed  that  medical  attendants  could, 
with  a  minimum  of  technical  familiarization,  rapidly  and  accurately  diagnose  bacterial  meningitis 
cases.  This  kit,  employing  Inert  particle  aggregation  tests  (coagglutlnatlon  or  latex  agglutination) 
appears  to  be  appropriate  technology  that  can  effectively  support  primary  health  care  delivery  In  de¬ 
veloping  countries.  Ifs. 


INTRODUCTION 


Acute  bacterial  Infections  comprise  a  major  portion  of  the  health  problems  faced  by  peoples  of 
developing  countries.  In  sub-Sahara  Africa  a  continuing  concern  Is  cerebrospinal  meningitis  (CSM),  a 
seasonal  disease  with  most  cases  occurring  from  January  through  April.  Specific  diagnosis  early  in 
the  course  of  this  disease  can  provide  significant  aid  in  the  choice  of  appropriate  anti-microbial 
therapy  and  can  Indicate  need  for  specific  vaccination  for  prevention.  Conventional  diagnostic 
laboratories  are  not  available  to  the  majority  of  peoples  in  this  region,  since  75-80Z  live  in  rural 
areas  where  transportation  and  communication  are  major  difficulties. 

The  coagglutination  test  (COAG)  is  a  sero-diagnostic  technique  of  relatively  recent  development 
and  is  adaptable  to  rapid  diagnostic  test  systems.  Killed  and  stabilized  cells  of  Staphylococcus 
aureus  are  employed  as  inert  particles  to  carry  antisera  that  can  specifically  identify  antigens  of 
various  pathogenic  bacteria  (3,6,8,10).  For  bacterial  meningitis  the  antisera  are  usually  directed 
against  Neisseria  meningitidis.  Haemophilus  influenzae,  or  Streptococcus  pneumoniae.  COAG  reagents 
prepared  with  these  antisera  will  specifically  detect  and  identify  antigens  of  homologous  bacteria  in 
either  clinical  specimens  or  cultures  (4,11,15,16).  Strength  and  quality  of  antiserum  used  for  re¬ 
agent  preparation  appear  to  be  the  major  factors  in  variation  of  sensitivity  (4). 

COAG  tests  appear  to  offer  the  potential  for  rapid  diagnosis  of  infectious  diseases  at  the  pri¬ 
mary  health  care  delivery  level  since  they  are  simple  to  perform.  These  tests  might  thus  provide 
practical  and  economical  alternatives  to  conventional  laboratory  methods  that  in  many  areas  are  not 
available.  This  report  describes  preliminary  field  evaluations  of  portable  COAG  kits  for  the  rapid, 
bed-side  diagnosis  of  meningitis. 

MATERIALS  AND  METHODS 

Studies  were  conducted  during  the  1981  CSM  season  in  the  town  of  Koutiala  in  Mali  and  the  village 
of  Penny  in  Upper  Volta.  They  were  chosen  for  their  relative  proximity  to  the  laboratory  at  Centre 
Muraz  in  Bobo-Dioulasso,  Upper  Volta,  and  for  their  differing  characteristics.  Koutiala  has  a  small 
hospital,  running  water,  electricity,  the  services  of  a  physician,  but  no  diagnostic  microbiology 
capacity.  Penny  has  no  hospital,  no  dispensary,  no  running  water,  no  electricity,  and  no  physician. 
Both  Koutiala  and  Penny  experienced  outbreaks  of  CSM  that  were  thought,  from  previous  experience,  to 
be  due  to  N.  meningitidis  group  C.  Cerebrospinal  fluid  (CSF)  specimens  were  evaluated  at  the  patients' 
locations  and  at  Centre  Muraz. 

The  diagnostic  materials  were  packaged  in  a  plastic  box  measuring  13  x  8  x  5  cm.  COAG  tests  were 
used  as  the  diagnostic  tool.  The  box  also  contained  plastic  ampules  for  reagents,  microscope  slides, 
bacteriological  loops,  a  loop  decontamination  system,  and  an  alcohol  burner.  Contents  were  packed  in 
protective  insulating  plastic  foam  (Figure  1). 
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Figure  1:  Simple,  reusable  kit  for  performing  coagglutination,  latex 

agglutination,  or  other  inert  particle  aggregation  diagnostic 
tests. 


The  GOAG  diagnostic  tests  were  performed  by  local  attendants  who  were  trained  for  about  6  hours 
over  a  2-day  period.  The  Instructor  (I.M.T.)  was  familiar  with  local  languages  and  customs.  Train¬ 
ing  Included  proper  use  of  bacteriological  loops  for  specimens  and  reagents,  mixing  of  reagents  on 
slides,  and  reading  COAG  tests  with  positive  and  negative  controls.  Specimens  and  reagents  were 
mixed  on  glass  microscope  slides  that  were  rocked  back  and  forth  for  1  minute.  Then  the  mixture  was 
observed  for  clumping. 

COAG  reagents  were  prepared  as  previously  described  (8),  although  the  harvested  staphylococcal 
cells  were  heated  at  100°C  for  20  minutes  prior  to  the  washing  and  fixation  steps.  The  sensitizing 
antisera  employed  were  N.  meningitidis  group  A  and  C  (Neisseria  Repository,  University  of  California 
Berkeley) ,  H.  influenzae  type  b  (Hyland  Division  of  Travenol  Laboratories) ,  and  55 .  pneumoniae  Omni¬ 
serum  (Statenserum  Institut,  Copenhagen).  COAG  reagents  were  refrigerated  until  taken  to  the  field, 
where  they  were  then  continually  exposed  to  the  local  ambient  temperature  but  were  protected  from 
direct  sunlight.  The  temperature  reached  30°C  in  Koutlala  during  the  3  week  test  period,  and  ranged 
from  30  to  40°C  during  the  8  week  test  period  in  Penny. 

CSF  specimens  were  6  to  72  hours  old  when  re-tested  at  Centre  Muraz .  The  same  lots  of  COAG  re¬ 
agents  were  used  at  the  laboratory  as  were  used  in  the  field. 


RESULTS 


Thirty  CSF  specimens  were  evaluated  from  Koutiala  (Table  1).  In  28  of  these,  the  results  from 
both  examinations  agreed.  Thus,  the  agreement  between  CSF  results  obtained  by  the  attendant  in 
Koutiala  and  the  Centre  Muraz  laboratory  was  932.  One  case  identified  as  H.  influenzae  meningitis  by 
the  laboratory  was  found  to  be  negative  by  the  attendant.  No  cases  of  meningococcal  meningitis  were 
Identified. 


TABLE  1 

Comparison  of  Coagglutination  Test  Results  for 
Meningitis  Diagnosis  Performed  by  African  Medical 
Attendants  with  Examinations  Performed  by  an 
Established  Microbiology  Laboratory 


Etiologic  Agent 

Koutiala 

Attendant  Control 

Penny 

Attendant  Control 

N.  meningitidis  Gr.  A 

0 

0 

1 

3 

N.  meningitidis  Gr.  C 

0 

0 

0 

1 

N.  meningitidis  Gr.  A.  A+C* 

0 

0 

4 

1 

S.  pneumoniae 

21 

21 

8 

8 

H.  influenzae  type  b 

6 

7 

2 

3 

Negative 

3 

2 

5 

5 

Totals 

30 

30 

20 

20 

*  Cross  reaction  due  to  excess  antigen.  Following  dilution  in  the 

laboratory,  these  yielded  specific  reactions. 

control 

Twenty  CSF  specimens  were  evaluated 

from  Penny  (Table  1) . 

The  results 

of  both 

were  the  same 

for  16  CSF  specimens,  making  the  agreement  between  the  attendant's  results  and  those  of  the  labora¬ 
tory  to  be  802.  An  excess  of  antigen  in  CSF  from  4  patients  caused  a  non-specific  diagnosis  by  the 
attendant.  These  were  also  noted  at  Centre  Muraz,  but  following  1:10  dilution,  these  yielded  speci¬ 
fic  reactions. 

A  bacterial  etiology  for  infection  was  identified  in  43  of  the  50  CSF  samples.  S[.  pneumoniae 
was  the  most  common  agent,  H.  influenzae  was  next,  and  N.  meningitidis  comprised  only  9%. 

The  COAG  reagents  showed  no  loss  of'  reactivity  when  exposed  in  the  field  to  elevated  ambient 
temperatures  for  as  long  as  8  weeks. 

DISCUSSION 

"Health  to  all  peoples  of  the  world  by  the  year  2000"  is  a  goal  that  has  been  set  by  the  World 
Health  Organization.  If  this  goal  is  to  be  achieved,  new  and  novel  approaches  to  health  care  de¬ 
livery  must  be  employed.  This  study  of  portable,  rapid  diagnostic  kits  for  meningitis  that  incor¬ 
porate  simple,  accurate  COAG  tests  demonstrates  that  modern  laboratory  technology  can  be  adapted  to 
primary  health  care  delivery  in  rural  areas  of  developing  countries. 

The  COAG  reagents  were  stable  under  the  harsh  temperature  and  environmental  conditions  found  in 
sub-Sahara  Africa,  and  unpublished  studies  have  shown  that  COAG  reagents  also  withstand  freezing  and 
thawing.  Their  stability  contrasts  with  the  relative  delicacy  of  other  inert  particle  aggregation 
test  reagents,  such  as  latex  agglutination  reagents.  The  simplicity  of  the  COAG  tests  permitted 
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satisfactory  Instruction  of  local  primary  health  care  workers,  l.e.  medical  attendants,  within  6 
contact  hours,  and  they  then  performed  independently  with  a  high  degree  of  accuracy.  COAG  reagents 
can  be  prepared  locally  using  minimum  equipment  and  locally  procured  materials,  thus  affecting  sig¬ 
nificant  economy  over  commercial  reagent  purchase  (10). 

Simple  rapid  diagnostic  test  kits  In  this  study  provided  bed-side  diagnostic  information  that 
was  Immediately  useful  for  patient  care.  The  traditional  non-specific  diagnosis  of  "meningitis", 
based  solely  on  clinical  observations,  was  transformed  into  a  specific  etiologic  diagnosis.  These 
CSM  cases  were  initially  assumed  to  be  due  to  N.  meningitidis  group  C  because  of  the  previous  year's 
findings  in  Bamako,  Mali,  and  other  earlier  studies  (9).  The  rapid  diagnostic  tests  revealed  that 
91Z  of  patients  were  infected  with  j>.  pneumoniae  and  H.  Influenzae.  This  specific  etiologic  in¬ 
formation  directed  appropriate  patient  therapy  and  would  have  prevented  the  inappropriate  adminis¬ 
tration  of  specific  meningococcal  vaccines.  Had  the  vaccines  been  given,  there  would  have  been 
apparent  failures  possibly  disillusioning  medical  authorities  and  local  inhabitants.  Rapid,  on-site, 
specific  diagnostic  capability  is  a  valuable  asset  for  both  patient  care  and  public  health. 

COAG  tests  have  been  reported  for  a  variety  of  diseases  Including  typhoid  fever  (13) ,  Salmonella 
gastroenteritis  (14),  cholera  (1,15),  bacterial  pneumonias  (7),  dengue  fever  (antibody)  (2),  hepatitis 
B  (12),  and  leishmaniasis  (5),  to  name  a  few  examples.  Thus,  it  appears  that  its  potential  appli¬ 
cations  are  broadening.  When  this  simple  test,  whose  reagents  can  be  prepared  locally,  is  employed 
in  a  simple  portable  kit,  it  appears  that  this  concept  may  be  particularly  approplrate  for  rural 
areas  of  Africa  where  medical  facilities  are  limited  and  the  population  is  large.  Thus,  this  tech¬ 
nology  may  offer  useful  diagnostic  support  for  improvement  of  treatment  and  control  measures  for 
many  tropical  infections. 
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